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Background: The aim of this study was to assess use of IncRNAs as biomarkers in serum and aqueous humor of patients
with diabetic macular edema (DME).

Material/Methods: Optical coherence tomography and fundus photography were used to analyze the retinal features of the pa-
tients. RT-gPCR was used to analyze the differential expression of IncRNA snhg5 in patients who have idiopath-
ic macular hole (MH), DME, or refractory DME. The relationship between SNHG5 and the clinical characteristics
of the patients was analyzed. The effect of SNHG5 on the hyperplasia and apoptosis of human retino-micro-
vascular endothelial cells (HRMECs) and its mechanism were analyzed in vitro.

Results: Patients with idiopathic MH developed retinal nerve epithelium rupture and retinal fundus thickening, and
patients with DME or refractory DME showed significant macular edema with hemorrhaging. The refractory
DME patients improved after treatment but still showed significant macular edema and multiple laser scar-
ring. SNHG5 expression was not only low in the atrial fluid and plasma in DME patients, but also lower in the
refractory DME group compared to the idiopathic MH patients. SNHG5 expression in the aqueous humor and
plasma was negatively correlated with disease duration, body mass index, and levels of fasting blood glucose,
glycated hemoglobin, proteinuria, and glycosuria. In the in vitro experiments, SNHG5 expression was signifi-
cantly downregulated in high glucose-induced HMECs. After SNHG5 overexpression, cell proliferation, angio-
genesis, and VEGF-A protein levels were distinctly downregulated.

Conclusions: SNHGS5 correlates with the development of DME and is a potential target for therapy.
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Background

Diabetic macular edema (DME) is one of the main causes of
vision loss in diabetic patients [1], and the critical factor is the
increase of protein level of vascular endothelial growth factor
(VEGF)-A [2,3]. The upregulation of VEGF-A can disrupt the reti-
nal barrier, causing chronic damage to the neurovascular struc-
ture of the retina, leading to vision loss [4,5]. Development of
DME in patients with DME can be effectively controlled by fo-
cal/grid laser treatment, vitrectomy accompanied by anti-VEGF
treatment, and other combined treatments [6,7], as well as
by good blood glucose control, but with the complications of
DME, the prognosis is worse [8]. Inhibition of VEGF-A expres-
sion is highly beneficial for treatment of DME [9,10]. Therefore,
controlling blood glucose, blood pressure, and lipids are still
the basic methods of reducing DME [11,12]. Refractory DME
is a recurrent DME despite repeated nonsurgical treatments
and surgical treatments [13]. Previously, triple therapy includ-
ing vitrectomy, IVTA, and macular focal laser photocoagula-
tion has been reported to be effective [14]. At present, anti-
EGF treatments and anti-EGF combination treatments are the
main therapies for refractory DME [15].

Long non-coding RNAs (IncRNAs) are non-coding RNAs with a
length of more than 200 nt [16]. In recent years, there have
been many studies of the molecular mechanism of MALAT1 [17],
AK139328 [18], and NEAT1 [19] in the development of diabe-
tes. Wei et al confirmed that IncRNA SNHGS5 is involved in type
2 diabetes [20]. Knockdown of SNHG5 inhibits VSMC prolifera-
tion and migration and promotes apoptosis in abdominal aortic
aneurysm [21]. Recent study have shown that IncRNA SNHG5
is underexpressed in patients with Kawasaki disease [22].
Although it is a critical regulatory gene in many diseases, such
as colorectal cancer [23], gastric cancer [24], endometrial can-
cer [25], and acute myeloid leukemia [26], IncRNA SNHG5 has
not been assessed in DME studies. In addition, in vitro mo-
lecular studies have demonstrated that IncRNA regulation of
VEGF-A promotes apoptosis and angiogenesis in HRMECs cells
induced by high glucose levels [27,28].

The aim of the study was to explore the biological mechanism
of DME therapy by analyzing the clinical relationship between
IncRNA SNHG5 and disease course in DME patients and to as-
sess the molecular regulation mechanism of IncRNA SNHGS5 in
HRMECs caused by high glucose induction.

Material and Methods

Materials

Antibodies against VEGF and GAPDH were purchased from
Abcam (Cambridge, UK). The overexpression of SNHG5 plasmid
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(ov-SNHG5), negative control (ov-NC), and primers for RT-
gPCR were synthesized by Sangon Biotech (Shanghai, China).
The small-molecule RNA (siRNA) sequences targeting SNHG5
were as follows:

si-SNHG5-1, 5’-CUGAAGAUGCAAAGAUACACG-3’;
si-SNHG5-2, 5’-GUUCCAAAGUUGCAACGAUUU-3’;
si-SNHG5-3, 5’-GCGUUCUGAGUGUGGACGAGU-3'.

The primer sequences for the RT-gPCR assay were:

SNHG5, 5’-TGAATGAGGGTCGCTGTCTG-3’ (forward) and
5’-TAAACCTCGTGGCACTAGCC-3’ (reverse);

GAPDH, 5’-GCTCATTTGCAGGGGGGAG-3’ (forward) and
5’-GTTGGTGGTGCAGGAGGCA-3’ (reverse).

Study Subjects

From April 2019 to March 2021, we selected 109 patients diag-
nosed with DME from the population of outpatients at Wuhan
Aier Eye Hospital, which included 66 men and 43 women, aged
30-85 years, and the range of disease duration was 0.5-21
years. All patients underwent a detailed medical examina-
tion and ophthalmoscopy. According to the guidelines of the
2002 Academic Conference on Ocular Fundus Diseases [29],
these 109 patients were divided into 2 groups. The DME group
(n=52) included 33 males and 19 females, whose average age
was 56.50+12.95 years and the average disease duration was
6.94+4.89 years. The refractory DME group (n=57) included 33
males and 24 females, whose average age was 53.98+13.90
years and the average duration of disease was 9.25+5.41 years.
Exclusion criteria were: diabetic acute complications such as
diabetic ketoacidosis and diabetic hyperosmolar coma, pa-
tients showing severe stress, patients with acute or chronic
infections, and patients with liver disease. The control group
(n=30) consisted of idiopathic MH patients (17 males and 13
females) matched with the study groups for age, sex ratio,
and body mass index (BMI). The mean age was 56.13+12.62
years old. The examination of idiopathic MH patients exclud-
ed hypertension and endocrine and metabolic diseases, such
as heart, liver, and kidney diseases. All the patients or their
families signed the informed consent form, and the experi-
ment was approved by Aier Eye Hospital, in accordance with
the guidelines of the Helsinki Declaration [30].

Ethics Approval and Consent to Participate

The study was approved by the Ethics Committee of Wuhan
Aier Eye Hospital (No. 2021IRBLWO01). Written informed con-
sent was obtained from all patients.

Measurements

We measured the height and weight of patients at admission,

and calculated BMI as weight/height? (kg/m?). We recorded pa-
tients’ age, medical history, sex, course of diabetes, intraocular
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pressure (I0P), blood glucose control, and other parameters.
We used a Beckman automatic biochemical analyzer (Cobas
c311; Roche, Germany) to measure fasting blood glucose (FBG),
glycated hemoglobin (HbA1c), hemoglobin (HB), proteinuria,
and glycosuria. We used optical coherence tomography (OCT;
RTVue XR; Optovue, Inc; Fremont, USA) with RTVue XR soft-
ware (version: 2018.1.0.43) to analyze retinal thickness, and
we used the Optos PLC’s Panoramic Ophthalmoscope (200TX;
Dunfermline, England) with the software Optos V*®*Vantage
Pro Review (version: 2.11.0.3) to take fundus photographs.

Sample Collection and Processing
Aqueous Humor (AH)

Approximately 50-100 pL AH was collected by transparent cor-
neal puncture from each patient. After the AH samples were
collected, they were centrifuged for 30 min at 1200 g and 4°C
to remove cell debris and prevent contamination, after which
the RNA was extracted.

We used BD Vacutainer-EDTA tubes (BD Biosciences, San Jose,
CA, USA) to collect a 10-mL sample of each patient’s whole
blood, which was immediately inverted 5-8 times for mixing.
After blood collection, the cells were centrifuged for 10 min at
1200 g and 4°C to remove impurities and cell fragments, af-
ter which the RNA was extracted. Hemolytic plasma samples
were excluded from the study.

Cell Culture, Transfection, and Treatments

HRMECs (CP-H130, Procell, Wuhan, China) were cultivated in
endothelial cell culture medium (CM-H130, Procell) at 37°C
with 5% CO,. Based on the instructions of manufacturer,
Lipofectamine® 2000 (Invitrogen, Thermo Fisher Scientific, Inc.,
Waltham, MA, USA) was used to transfect RNAs into HRMECs
(37°C, 4 h). Taking HRMECs that pretreated with 5 mM/30 mM
glucose as the normal glucose group (control)/high glucose
group (HG) with a treatment time of 48 h. The glucose dos-
age was based on previous studies [31,32].

Construction of the Overexpression of SNHG5 Plasmid and
Screening for SNHG5 Inhibition

Overexpression of SNHG5

The SNHG5 fragment was inserted into pcDNA3.1 vector, and
the 2 enzymes were digested into BamH | and Not I.

Inhibition of SNHG5

Three siRNA targeting SNHG5 were constructed, namely si-SN-
HG5-1, si-SNHG5-2, and si-SNHG5-3. Overexpression/inhibition
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of SNHG5 was transfected into the HRMECs. Total RNA was
extracted and analyzed using RT-qPCR.

RT-gPCR assay

AH or plasma samples were centrifuged for 5 min (3000 g,
23+2°C) to remove cell debris. Based on the manufactur-
er’s instructions, the AH and plasma samples were lysed by
adding 3 times the volume of Trizol (Invitrogen). Then, they
were dissolved in 10 uL RNA-free water. Extracted RNA was
reverse-transcribed to cDNA with a SYBR Premix ExTaq Il kit
(Thermo Fisher Scientific) in conjunction with a 7500 Real-Time
PCR System (Applied Biosystems, Foster City, CA, USA) by a
PrimeScript RT reagent kit (Thermo Fisher Scientific). Cycling
conditions were as follows: 50°C (2 min), 95°C (10 min), 72°C
(2 min), followed by 40 cycles of 95°C (15 s) and 60°C (32 s).
Then, the relative expression of SNHG5 was calculated using
the 222¢ method [33].

Western Blotting

We used RIPA lysis buffer (Beyotime, Shanghai, China) to
cleave the transfected HRMECs on ice, followed by BCA pro-
tein assay kit (Tiangen biotech co., Ltd.; Beijing, China) py-
rolysis lysate protein concentration calculation. We used
10% SDS-polyacrylamide gel electrophoresis (Solarbio) to re-
solve equivalent of denatured proteins, and transferred pro-
tein bands to a polyvinylidene fluoride membrane (Solarbio).
TBST (Beyotime) and 5% BSA (Solarbio) were used to wash
and block the membrane, which was incubated with an anti-
VEGF antibody (1: 1000) at 4°C overnight. After being rinsed,
the membrane was incubated with secondary antibody (goat
anti-rabbit; 1: 10,000, Abcam) at 23+2°C for 2 h. ELC-enhanced
chemiluminescence reagent (Thermo Fisher Scientific) was
added in conjunction with an imaging system (FluorChem R;
ProteinSimple Co., Silicon Valley, CA, USA) to visualize the pro-
tein bands. Then using an anti-GAPDH antibody (1: 10,000) as
the loading control.

Cell Counting Kit-8 (CCK8) Assay

We used the trypsin method to prepare a single-cell suspen-
sion, then inoculated it in 96-well plates at a density of 2.5x103
cells/well, then added 10 pL of CCK8 reagent (Elabscience,
Wuhan, China) into the cell suspension at 0, 24, 48, and 72
h and incubating for 60 min. An enzyme-labeling instrument
(Multiscan MK3, Thermo Fisher Scientific) was used to mea-
sure the optical density at 490 nm.

Angiogenesis Assay

We coated HRMECs (2x10* cells) with Matrigel (BD Biosciences)
in medium and incubated them in 24-well plates for 24 h (37°C,
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Figure 1.

DME exacerbated the symptoms of macular edema. (A) OCT analyses of the retinal symptoms among patients in different

groups; (B) fundus microscopy to analyze the differences in macular edema area and eyeball characteristics among patients
in different groups. * P<0.05; OCT — optical coherence tomography; DME — diabetic macular edema; MH — macular hole.

Photoshop software (version 21.2.4; Adobe, Inc; San Jose, USA) was used for creation of the figure.
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Figure 2. Expression differences in SNHG5 between the DME and refractory DME groups. RT-qPCR analysis of the differences in the
expression of SNHG5 in the aqueous humor (A) and serum (B) of patients. * P<0.05; DME — diabetic macular edema; RT-qPCR
— quantitative reverse transcription polymerase chain reaction; AH — aqueous humor. Photoshop software (version 21.2.4;
Adobe, Inc; San Jose, USA) was used for creation of the figure.

5% CO,). An inverted microscope (Shanghai Yongke Optical
Instrument Co., Shanghai, China) was used to examine the tu-
bular structures of HRMECs in the Matrigel.

Statistical Analysis

All experiments were performed in triplicate, and data are pre-
sented as meantstandard deviation (mean+SD). SPSS (version
21.0; IBM Corp., Armonk, NY, USA) was used for all statistical
analyses. Multiple groups were compared simultaneously by
one-way ANOVA and Dunnett’s post hoc test. Two groups were
compared using the t test (unpaired). P<0.05 was defined as
statistical significance.

Results

The patients in each group were examined using an ophthal-
moscope. Results showed significantly more macular edema
and retinal thickening occurred in the DME patients compared
with the control group. Additionally, eyeball hemorrhage and
old laser spots from prior treatment were also more evident in
refractory DME patients compared to DME signs (Figure 1A).

Optical Coherence Tomography

The results showed that, compared with the control group, ret-
inal interlaminar edema was more obvious in the DME group,
and retinal interlaminar edema was more obvious in the refrac-
tory DME group. Retinal interlaminar edema was more obvi-
ous in the DME group and more obvious in the refractory DME

group compared with the control group. In addition, marked
edema and dark cavities were also present between the reti-
nal layers in patients with refractory DME (Figure 1B).

Differences in AH and SNHG5 Expression in DME Patients

SNHG5 expression in AH and serum was lower in DME pa-
tients than in patients with idiopathic MH, and higher than in
patients with refractory DME (Figure 2A, 2B).

Correlation Between SNHG5 Expression and the Clinical
Characteristics of Patients

We analyzed the clinical characteristics of patient in all groups,
which included BMI, FBG, HbA1c, Hb, IOP, proteinuria, and gly-
cosuria. SNHG5 expression was negatively correlated with dis-
ease course, BMI, FBG, HbA1c, proteinuria, and glycosuria, but
there were no obvious differences between groups in age, Hb,
IOP, and sex (Figues 3-5; see also Table 1 for specific data).
The above results suggest that low expression of SNHG5 is
closely related with the development of DME.

High Glucose Levels Induced Downregulation of SNHG5
Expression

We then analyzed the potential mechanism of SNHG5 action
from a molecular point of view. To this end, we treated HRMECs
with high glucose levels in vitro. According to the results of
RT-qPCR, SNHG5 expression was downregulated in HRMECs
induced by high glucose (Figure 6A). This result is further evi-
dence of the association between SNHG5 and DME.

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€932996-5




CLINICAL RESEARCH

He J.etal:
Role of SNHGS in diabetic macular edema
© Med Sci Monit, 2022; 28: €932996

A 80 B 20 c 40
*
60 — 15
z 2 ]
S w0 2 %
< E =
3
20
0-
M Idiopatic MH M Idiopatic MH M Idiopatic MH
[H DME [ DME [ DME
I Refractory DME I Refractory DME M Refractory DME

Figure 3. Correlation between SNHG5 and clinical symptoms of patients. Differences in age (A), course of disease (B), and BMI (C)
in each group of patients are shown. * P<0.05; BMI — body mass index. Photoshop software (version 21.2.4; Adobe, Inc;

San Jose, USA) was used for creation of the figure.
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Figure 4. Correlation between SNHG5 and clinical symptoms of patients. The differences in FBG (A), HbA1C (B), and proteinuria (C) in
each group of patients are shown. * P<0.05; FBG — fasting blood glucose; HbA1lc — glycated hemoglobin. Photoshop software
(version 21.2.4; Adobe, Inc; San Jose, USA) was used for creation of the figure.

Overexpression/Inhibition of SNHG5 Plasmid Was
Constructed

We constructed the overexpressed SNHG5 plasmid and trans-
fected 3 SNHG5-targeting siRNAs into HRMECs, which allowed
us to analyze their effects on the function of HRMECs. RT-
gPCR analysis showed that SNHG5 expression was obvious-
ly upregulated in the ov-SNHG5 group and downregulated in
the si-SNHG5 group (Figure 6B), suggesting that the overex-
pression/inhibition of SNHG5 was successfully constructed.
Among them, si-SNHG5-1 showed the lowest inhibition rate.

In subsequent experiments, si-SNHG5-1 was used as an in-
hibitor of SNHG5 to further analyze the molecular mechanism
of action in HRMECs.

Effect of SNHG5 on HRMECs

To confirm the effect of SNHG5 in HRMECs, RT-gPCR was
used to analyze SNHG5 expression in HRMECs after transfec-
tion with overexpression or inhibition of SNHG5 plasmid un-
der the induction of high glucose. According to the results,
SNHG5 overexpression led to a reversal of SNHG5 downregu-
lation induced by high glucose. However, Si-SNHG5 transfec-
tion promoted the downregulation of SNHG5 induced by high
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Figure 5. Correlation between SNHG5 and clinical symptoms of patients. The differences in the glycosuria (A), HB (B), and IOP (C)
in each group of patients are shown. * P<0.05; HB — hemoglobin; IOP — intraocular pressure. Photoshop software (version
21.2.4; Adobe, Inc; San Jose, USA) was used for creation of the figure.

Table 1. Demographic data of the studied groups.

Variables Idiopathic MH DME Refractory DME P value* P value**

Age (M+SD) 56.13+12.62 56.50+12.95 53.98+13.90 >0.05 >0.05
Courseofdisease 4184303 694:489  925:541 w0os 005
CBMI(kg/m) (MsSD) 21574104 24604309 26.89:245 €os 0os
CFemale ) 833% 36.54% nu% 005 5005
CMale® s6.67% 6346% s289%
CFBG (mmol) 5391098 7204115 9094304 €os w©os
HbAIC(%)) 4951046 7741203 o5lelas €os 0os
Proteinuria (g/Day) 0091004 1661053 2131042 wos €os
Glycosuria (mg/d) 3231697 262216473 2981625703 €os 0os
Hemoglobin (/) 1247741859 13010£1858  12602:1845 005 5005
P (mmHg) 15030211 14856209 1542184 005 5005

* Comparison between the DME group versus idiopathic macular hole (MH) group; ** comparison between the refractory DME group
versus DME group.

glucose levels (Figure 6C). Based on the results, in the pres-
ence of high glucose, HRMEC proliferation (Figure 6D) and an-
giogenesis (Figure 7A, 7B) were both promoted, and VEGF-A
protein levels (Figure 7C, 7D) were also upregulated. These
effects were further enhanced by the inhibition of SNHG5 but
were reversed by overexpression of SNHG5. The above results
show that SNHG5 regulates HRMEC proliferation and angio-
genesis and affects the protein level of VEGF-A.

Discussion

DME is a complication in diabetic patients. This study revealed
for the first time the low expression of SNHG5 in patients with
DME or refractory DME, and this expression was closely re-
lated to the clinical characteristics of DME patients. We also
found that SNHG5 can regulate the apoptosis and angiogen-
esis of HRMECs in vitro.

Recent studies have shown that patients with long-term DME
have a significantly increased probability of developing refrac-
tory DME [15,34], and one of the conclusions we have drawn
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Figure 6. SNHG5 reversed the effect of high glucose induction. RT-gPCR (A) analysis showed that the expression of SNHG5 was
different in HRMECs induced by high glucose. (B) RT-qPCR analyzed the expression of SNHG5 after transfecting HRMECs with
the plasmid overexpressing IncRNA SNHG5 and 3 si-SNHG5. After transfection of ov-SNHG5 or si-SNHG5, RT-qPCR (C) assays
and CCK8 (D) assays were performed to analyze the changes in expression of SNHG5 and cell proliferation in each group.
Transfection of ov-SNHGS5 or si-SNHG5 was divided into the control group, HG group, HG+ov-NC group, HG+ov-SNHG5 group,
HG+si-NC group, and HG+si-SNHG5 group. * P<0.05; CCK8 — Cell Counting Kit-8; HG — high glucose; NC — negative control;
HRMECs — Human Retinal Microvascular Endothelial Cells. Photoshop software (version 21.2.4; Adobe, Inc; San Jose, USA)

was used for creation of the figure.

from the present study — that patients with refractory DME
have a longer disease course than do patients with DME — also
supports this view. With the development of diagnostic and
therapeutic techniques, the treatment of DME has improved
significantly, but other high-risk ocular complications still oc-
cur [35,36]. Due to individual differences, the recognition of
DME in diabetic patients before the clinical signs are obvious
will facilitate the development of more targeted treatments.
With the development of OCT and fundus photography, DME
can be identified more accurately [37,38]. In this study, OCT
and fundus images were performed on 109 DM patients and
30 idiopathic MH patients, in an attempt to discover wheth-
er the retinal lesions in these patients are present for tar-
geted treatment. Currently, the treatment methods for DME
mainly include laser photocoagulation [39,40], vitrectomy, or

combination with VEGF or bevacizumab [6,41,42]. If patients
can maintain good blood glucose control, postoperative ad-
verse visual effects will be significantly reduced [43,44]. Anti-
vascular endothelial growth factor (VEGF) therapy has gradu-
ally become one of the main treatments of DME. Additionally,
conventional therapy combined with anti-VEGF therapy is be-
coming another effective treatment for DME [45]. In the Aier
Hospital of Wuhan University, a multipronged treatment strat-
egy focused on anti-VEGF therapy was established. The OCT
results in this study revealed retinal thickening in patients
with DME compared to those with idiopathic MH, with rup-
ture of the retinal nerve epithelium. Fundus photography re-
vealed that idiopathic MH patients developed macular holes
in the retina, DME patients developed retinal hemorrhage, and
refractory DME patients recovered from retinal bleeding after
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Figure 7. SNHG5 reverses the effect of high glucose induction. Angiogenesis (A, B) was analyzed in each group, and western blotting
(C, D) was performed to analyze the changes in VEGF-A protein levels. Transfection of ov-SNHG5 or si-SNHG5 was divided
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* P<0.05; HG - high glucose; NC — negative control; VEGF — vascular endothelial growth factor; HRMECs — Human Retinal
Microvascular Endothelial Cells. Photoshop software (version 21.2.4; Adobe, Inc; San Jose, USA) was used for creation of the

figure.

treatment but retained significant pre-treatment scars. These
results are consistent with those of previous studies [1,15].

Prevention of DME, elucidation of the molecular mechanism of
DME, complete prognosis, and regular follow-up will contribute
to the treatment of DME [46-49]. Previous studies have shown
that IncRNAs can act as biomarkers for DME and are regulat-
ed in DME [50]. In this study, we investigated the functions of
IncRNA SNHGS5 in AH and plasma of patients with DME. The
main result was that SNHG5 expression in the DME group was
lower than that in the idiopathic MH group and higher than
that in the refractory DME group. Combined with SNHG5 and
clinical data of patients, the role of SNHG5 in DME was fur-
ther revealed. According to the results, SNHG5 had no obvi-
ous correlation with age, Hb, IOP, and sex of patients, but was

negatively correlated with disease course, BMI, FBG, HbAlc,
proteinuria, and glycosuria in patients with DME. Clinical data
showed that the disease course, BMI, FBG, HbAlc, proteinuria,
and glycosuria in DME patients were higher than those in re-
fractory DME patients. Therefore, dysregulated IncRNA SNHG5
is closely related to the occurrence and development of DME,
and long-term DME can promote the occurrence of refractory
DME and increase the levels of BMI, FBG, HbAlc, proteinuria,
and glycosuria in diabetic patients. Therefore, the regulation
of SNHG5 expression may become an effective treatment for
DME and refractory DME, and it is necessary to further explore
the molecular mechanism of SNHG5 in DME.

Previous studies have explored the molecular mechanism of
DME, and a hyperglycemic model was constructed by adding
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glucose to HRMECs [51,52]. Thus, in this study we investigat-
ed the relationship between SNHG5 overexpression/inhibition
and high glucose induction by inducing HRMECs with high glu-
cose, and assessed whether the cell proliferation and angiogen-
esis induced by high glucose was able to be reversed. Based
on the data, under the induction of high glucose, VEGF protein
level, HRMEC proliferation, and angiogenesis was increased,
and SNHG5 expression was downregulated. However, all these
effects were reversed by overexpression of SNHG5 and pro-
moted by the inhibition of SNHG5. According to the results,
dysregulated SNHG5 has a close relationship with HRMECs pro-
liferation and angiogenesis under the action of high glucose.

This study had some limitations. First, we did not inject VEGF
and SNHGS5 expression vectors into the vitreous of type 2 di-
abetic animals to test the efficacy of SNHG5. Second, miRNAs
downstream of SNHG5, as well as hypothesized target genes
and associated miRNAs signaling pathways, were not studied in
great depth. Finally, the small number of patients in this study
was insufficient to elucidate the relationship between SNHG5
and DME or refractory DME. These deficiencies indicate the di-
rection for future research. We plan to collect more samples
and conduct more experiments to verify the correlation be-
tween the IncRNA-miRNA-mRNA signaling pathway and DME.
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Conclusions

During DME development, IncRNA SNHG5 expression was
downregulated in AH and plasma, and its molecular mecha-
nisms was verified in the hyperglycemic model of HRMECs in
vitro, which can serve as a potential target for treating this dis-
ease. SNHG5 expression was also negatively correlated with
disease duration, BMI, FBG, HbAlc, proteinuria, and glycos-
uria. This study provides a valuable reference for the diagno-
sis and treatment of DME.
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